Abstract -In this paper we will update our 2011-2013 study on the analyses of operational performance of grid connected residential PV systems in the Netherlands and other European countries. We focus on comparing Annual System Yield data from small and medium size installations. If irradiance data is available, Performance Ratio data are compared as well. We employ web scraping techniques to collect a large number (~20,000) of systems with detailed yield data at high time resolution (5-15 minutes). Results for the Netherlands, Germany, Belgium, France and Italy show that yields were 1-5% higher than the previous years. We further used geographical information system (GIS) software to visualize yield and performance ratio in color-coded maps, which greatly facilitate assessment of performance for large amount of geographically scattered systems.
I. INTRODUCTION
The continuing increase in solar photovoltaic (PV) technology leads to a large amount of scattered systems of less than 5 kWp capacity that operate under various conditions. Usually, if monitoring equipment is installed it does not tell the owner of the system if the system performance is according to specifications. Consequently, failures and energy losses may remain undetected for a long time. Performance validation studies to date were mainly focusing on a specific geographical area with a limited amount of systems, but results show that in general most systems do perform adequately [1] .
Monitoring applications that are available on the market today include a number of web tools that allow owners to monitor system performance and the production of their system at any point of the day. The monitoring market consists of inverter manufacturers, project developers and independent monitoring vendors that integrate software and hardware in order to provide better customer service. In that way a large amount of high-resolution data is uploaded daily on web platforms and are available to the public. The aim of this paper is to considerable expand the amount of PV performance data obtained by web scraping techniques compared to our earlier work [2] , and to analyze and visualize this data in a systematic way using a geographical information system (GIS) approach.
II. METHODOLOGY
For this research the online service of Solar-Log was used as it is one of the major key players in monitoring with more than 80,000 system owners using the service. Also, it is one of the very few companies that offer free access to the users' web platform. The software that we developed [2] and modified in this research in order to extract online data was able to simulate human navigation through web sources, to locate and save scattered information that was available to the user, and finally to organize that information in datasheets. In this way, 5 minute resolution yields (AC and DC) and all the operational details from >20,000 systems in the Netherlands, Germany, Belgium, France and Italy and 19 more European countries were collected.
For the calculation of Performance Ratio (PR) irradiation data is needed [3] . For the Netherlands we used the 31 groundbased stations of the Royal Netherlands Meteorological Institute (KNMI) that provided hourly global horizontal irradiation data. For other countries, irradiation data will be collected in collaboration with the EU Joint Research Centre [4] . Every PV installation was linked to the closest station according to geographical coordinates. The total plane of array irradiation was calculated on a daily basis using the Olmo model [5] for every system independently in accordance with the orientation and the tilt of each panel. PR is defined ad the ratio of final system yield Y f and reference yield Y r [3] : PR = Y f /Y r High-resolution irradiation data was not available at this moment, for the rest of the countries and therefore only the annual yield indicator (kWh/kWp) was calculated.
III. RESULTS

A. PV Systems Analysis
The distribution and average system size of the sample are described in Table I . The majority of the installations belong to the mid-range category as 45% of the total sample is below 5 kWp in size. The silicon technology of the panel that is used also varies per country with polycrystalline and monocrystalline cells being the most popular (cf. [2] ). However, amorphous silicon type modules despite being the less favorable choice have a significant share among larger PV installations: the average size per PV system with this type of module is more than 20kW p in Germany and the Netherlands and approximately 15kWp in Italy and France. The monocrystalline and polycrystalline type of modules were used in smaller size systems.
B. Yield analysis and performance ratio
Results of the annual yield analysis for the year 2014 are shown in Fig. 1 , for the Netherlands, Belgium, France, Germany and Italy. Table II The Performance Ratio analysis that was conducted to the sample from the Netherlands revealed a PR value of 78% for the years 2012 and 2013. Within these 2 years of monitoring, the amount of malfunctioning systems with annual yield less than 600 kWh/kW p , has dropped from 5.6% to 3.2% and 7 out of 10 systems with PR values less than 50% have improved their performance. 
D. Visualization of geographical variation
Geographical information system (GIS) approaches are a suitable tool to visualize geographical variation of parameters. In this paper we show color-code maps as an example. Colorcoding is performed using specific bins of annual yield values. Outliers, i..e. minimum or maximum performance of PV systems can be discerned quickly in this way. Figure 2 shows a color-coded map of annual yield of the Netherlands and Germany. Red colors denote systems with maximum yield; blue signifies low performance. Also, some variation over the country can be seen, while it should be noted that bins should be chosen such that the variation can be optimally visualized. Similar maps can be made for the irradiance, and these can be visually correlated to the yield maps. This provides a quick but rough indication of the variation of performance ratio over the country.
III. CONCLUSION
This paper provides an update on performance of residential PV systems scattered in some European countries. It was found that the year 2014 provided more solar PV energy in terms of kWh/kWp then the years 2011-2013. Performance ratio did not change with respect to earlier years. A longer time frame should be analyzed to show if performance ratio values still are increasing, as was reported recently [6] .
GIS provides an excellent visualization of performance variation over a geographical area, as we demonstrated for the Netherlands and Germany. It is a quick tool to assess performance variations over a country, as any deviations can be discerned easily.
Continuation of this work will provide performance maps of more European countries, or anywhere else on Earth, provided sufficient amounts of performance data are available. This will allow to link performance of PV systems with climatic zones across the globe.
